Introduction
============

Low vision (reduction of functional vision) is often a consequence of decreased visual acuity, contrast sensitivity, and/or visual field loss. Age-related macular degeneration (AMD), glaucoma, and diabetic retinopathy are among the leading causes of low vision in the US.[@b1-opth-9-017] Reading ability is the most valued task among daily activities and has direct correlation with quality of life scores of low vision patients (LVPs). Analysis of reading performance is a useful tool in measuring the impact of visual disability and the success of recommended therapy.[@b2-opth-9-017]

Traditional low vision aids often improve reading and are effective at helping the blind and partially sighted. Traditional options include hand-held reading addition, hand magnifiers, illuminated magnifiers, stand magnifiers, closed circuit television, and modified tools of daily living such as appliances with larger displays/buttons. While these tools are effective, they are cumbersome to use and are not user-friendly.

The iPad (Apple Inc., Cupertino, CA, USA), a touch-sensitive device, has built-in software that allows image magnification, contrast enhancement, and brightness modulation. The zoom feature offers magnification in levels up to five times (equivalent to a +20 D magnifier).

In this study, we evaluated the utility of the iPad as low vision aid in patients with poor vision.

Methods
=======

In this prospective institutional review board (IRB) approved nonrandomized observational study, 228 consecutive patients that came for their routine eye care examination at the University of Florida, Jacksonville eye clinic, were enrolled. Patients met inclusion criteria if they had best-corrected visual acuity (BCVA) of 20/100 or worse in the best corrected eye and were willing to participate in the study.

IRB/ethics committee (University of Florida College of Medicine IRB-3) approval was obtained. All research in this study complied with security, patient confidentiality, and the Health Insurance Portability and Accountability Act policy mandates. Informed written consent was obtained from all the participants.

Information about the participants' ocular condition, along with their age, sex, and visual acuity was recorded ([Table 1](#t1-opth-9-017){ref-type="table"}). The reading ability of all the participants was assessed first with their reading glasses using a near vision chart. The initial percentage of reading ability with the reading glasses was assessed. Next, a text sample (size N8) from a preselected article in the New York Times viewed in the built-in Safari web browser (iPad) was used for each participant to assess reading ability. The Zoom feature offers full screen magnification in levels up to five times magnification (equivalent to a +20 D magnifier; [Figure 1](#f1-opth-9-017){ref-type="fig"}). Patients were encouraged to enlarge the reading material as well as change the contrast until they could read comfortably. The number of patients able to read the text comfortably was recorded.

The primary outcome was to assess the utility of the iPad in improving the reading ability of patients with poor vision.

Results
=======

The demographic characteristics of the participants are summarized in [Table 1](#t1-opth-9-017){ref-type="table"}. Out of the total 228 participants who qualified, 103 (45%) were male and 125 (55%) were females. Ages ranged from 58--92 years; the vast majority (81%) were 60 years and older. Seventy-three (32%) participants had AMD, 109 (48%) had diabetic retinopathy, and 46 (20%) had other vision conditions. One hundred and fifty-nine (70%) participants had a diagnosis of hypertension.

The mean presenting best spectacle-corrected visual acuity (BSCVA) and reading vision for all the participants were 20/400 and N30, respectively. The median BSCVA and reading vision for the AMD group (n=73), diabetic retinopathy group (n=109), and others (n=46) were 10/400 and N30, 20/200 and N26, and 20/400 and N30, respectively.

With the assistance of the iPad, there was a marked increase in the number of participants who could read. Only 22% could read standard newsprint-sized text (N8) without the help of the iPad. With the help of the iPad, 94% participants with impaired vision were able to read standard newsprint-sized text (N8) or smaller text (*P*\<0.01).

Out of the total of 73 participants in the AMD group, 64 (88%) could read N8 or smaller text (*P*\<0.01). Out of the total of 109 participants in the diabetic retinopathy group, 107 (98%) could read N8 or smaller text (*P*\<0.01). Finally, out of the remaining 46 participants, 40 (87%) could read N8 (*P*\<0.01) or smaller text.

Discussion
==========

Low vision is a state of permanent impairment of vision that is not correctable with spectacles, contact lenses, or surgical intervention, and interferes with normal everyday functioning. Nearly 5 million Americans are affected to the extent that they are unable to read newsprint, even with the aid of spectacle correction.[@b3-opth-9-017],[@b4-opth-9-017] Many LVPs use electronic devices to read when traditional optical low vision aids fail. One of the electronic devices that has provided some benefit is the closed-circuit television (CCTV) system. They have been termed CCTVs due to the direct cable link between the camera-imaging system and monitor-viewing system (in contrast to broadcast television), but this description generally refers to surveillance devices and does not indicate the provision of features, such as magnification and contrast enhancement, found in devices for the visually impaired. Therefore, the term electronic vision enhancement systems (EVES) was proposed by Wolffsohn and Peterson[@b5-opth-9-017] to better distinguish and describe such devices. EVES provides greater magnification than reading glasses, magnifiers, and microscopes. They also allow the user to adjust the size, brightness, and contrast of the magnified image to best match the user's vision. The user can even read white letters on a black background to decrease glare. However, prolonged sitting needed to use these devices results in neck pain and back ache, especially when using bifocals. Although EVES have been used in visual rehabilitation for over 30 years, they are extremely expensive and far less portable than current low vision aids available to LVPs.

Proliferation and miniaturization of consumer electronics in recent years have led to a new generation of more powerful and more portable gadgets for LVPs. There has been an explosion in the number and range of portable devices that patient with low vision can utilize. The iPad provides an alternative to low vision devices to assist LVPs. The tactile gestures to magnify or reduce text offer each patient an optimal atmosphere to improve reading ability and consequently improve the quality of life. The iPad is lightweight and mobile, with adjustable magnification, contrast, and brightness amenable to most patients.[@b6-opth-9-017]

The results of this study clearly show that the iPad is an effective method of improving reading ability in patients with low vision. In our study, 94% of patients were able to ready N8 or smaller newsprint in a predetermined article from the New York Times webpage. Gill et al[@b7-opth-9-017] in their recently published study, demonstrated that digital devices such as the Sony eReader and Apple iPad may have a use in visual rehabilitation for LVPs. However, compared to our study, many patients only had AMD in one eye, and were tested binocularly. In our study, all the patients had BCVA of 20/100 or worse in both eyes.

In conclusion, the iPad, a new portable electronic media device, can be adapted by LVPs to improve their reading ability. Clinicians should consider portable electronic media devices as options for LVPs as alternatives or supplements to traditional tools.
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![(**A** and **B**) Show patient using iPad without (**A**) and with (**B**) 5× zoom function. (**C** and **D**) Pie charts depict the percentage of patients that could read at least N8 print without (**C**) and with (**D**) iPad.\
**Abbreviation:** N8, standard newsprint-sized text.](opth-9-017Fig1){#f1-opth-9-017}

###### 

Demographic and medical disease characteristics of the participants

  Characteristics                         Change in visual acuity         
  --------------------------------------- ------------------------- ----- -------------
  **Total**                               228                       100   
  **Race**                                                                
  Non-white                               120                       53    0.36
  White                                   108                       47    0.36
  **Sex**                                                                 
  Women                                   125                       55    0.90
  Men                                     103                       45    0.90
  **Disease**                                                             
  Age-related macular degeneration        73                        32    0.26
  Diabetic retinopathy                    109                       48    0.26
  Others                                  46                        20    0.26
  **Age**                                                                 
  \<60 years                              44                        19    0.006/0.008
  ≥60 years                               184                       81    0.006/0.008
  **Hypertension**                                                        
  No                                      69                        30    0.45
  Yes                                     159                       70    0.45
  **Change in visual acuity with iPad**                                   
  No                                      13                        6     0.01
  Yes                                     215                       94    0.01
